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FOREWORD 


California's  geology  provides  both  opportunities  for  wise  resource  use  and 
challenges  to  public  safety.  The  Department  of  Conservation's  Division  of  Mines 
and  Geology  (DMG)  is  charged  with  understanding  the  geology  of  California 
and  making  information  about  it  available  to  parties  who  need  it.  The  Division 
investigates  California's  regional  geology,  its  mineral  resources  and  its  geologic 
hazards.  Armed  with  these  insights,  DMG  advises  Federal,  State,  and  local 
agencies  on  mineral  and  safety  issues.  It  provides  environmental  protection 
and  public  safety  monitoring  through  commentaries  on  environment  and 
planning  documents.  The  Division  disseminates  information  to  a  variety  of  users 
by  publication  of  maps  and  reports  and  by  lectures,  exhibits,  education 
outreach  and  library  services. 


The  83rd  Report  of  the  State  Geologist  highlights  new  developments  in  DMG's 
continuing  effort  to  communicate  with  its  constituencies.  More  extensive 
contact  with  the  public  will  be  possible  through  the  Bay  Area  regional  office 
which  recently  returned  to  downtown  San  Francisco  after  an  absence  of  seven 
years.  In  concert  with  the  Department  of  Conservation  and  the  State  Mining 
and  Geology  Board,  DMG  is  undertaking  the  implementation  of  new  legislation 
which  expands  its  role  in  preparing  seismic  hazard  zone  maps  to  assist  local 
governments  in  reducing  losses  from  special  site  effects  such  as  ground  failure. 
The  1990  revisions  of  the  Surface  Mining  and  Reclamation  Act  expand  mine 
operator  and  local  government  reporting  responsibilities  and  state  oversight  of 
compliance.  In  addition,  the  State  Geologist,  as  chair  of  the  California 
Earthquake  Prediction  Evaluation  Council,  advises  other  state  agencies  on  the 
handling  of  important  earthquake  prediction  issues.  This  report  also  summarizes 
new  developments  and  improvements  in  the  general  provision  of  information 
through  the  three  DMG  regional  offices  and  library  facilities. 


As  part  of  a  general  policy  of  the  Department  of  Conservation  during  the 
1990's,  DMG  will  redouble  its  efforts  to  develop  insights  of  importance  to  wise 
decision-making  in  California. 


A 


EDWARD  G.  HEIDIG,  Director 
Department  of  Conservation 


DMG  scientists  explaining  earth  science  issues  ana  careers  to  minority  students.  DMG  implemented  a  new  minority  outreach  program 
during  FY  1990-91 .  Photo  by  Max  Flanery. 
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EXECUTIVE  SUMMARY 

THE  DIVISION  OF  MINES  AND  GEOLOGY  MOVES 
BACK  TO  SAN  FRANCISCO 

After  a  seven  year  absence,  the  Department  of  Conservation's  Division  of  Mines 
and  Geology  (DMG)  returned  to  downtown  San  Francisco.  The  Bay  Area  regional 
office  of  DMG  occupies  the  third  floor  of  a  new  building  on  Market  Street  between 
7th  and  8th  streets.  The  new  location  should  enhance  provision  of  services  and 
information  to  the  public. 

NEW  SEISMIC  HAZARDS  ZONING  RESPONSIBILITIES 

Chapter  1 168,  Statutes  of  1990  (AB  3897)  passed  in  1990  requires  the  Department 
to  zone  urban  areas  for  hazards  associated  with  amplification  of  strong  ground 
motion,  liquefaction  and  earthquake-induced  landsliding.  The  new  maps  will  be 
used    by  local  governments  which  will  require  developers  within  the  zone  to  conduct 
site-specific  investigations  to  further  define  hazards  and  recommend  mitigating  mea- 
sures. Guidelines  for  zoning  and  local  government  regulation  will  be  developed  by 
the  State  Mining  and  Geology  Board  in  a  fashion  similar  to  the  Alquist-Priolo  Special 
Studies  Zone  Act  which  has  been  effective  in  avoiding  construction  on  active  faults. 

EARTHQUAKES  IN  OUR  FUTURE:  PREDICTION  EVALUATION 

The  California  Earthquake  Prediction  Evaluation  Council  (CEPEC)  has  the  respon- 
sibility of  advising  the  State  Office  of  Emergency  Services  (OES)  regarding  public 
policy  implications  of  earthquake  predictions.  In  1990-91,  CEPEC  advised  OES  regard- 
ing: the  30-year  probabilities  of  damaging  earthquakes  projected  for  faults  in  the 
San  Francisco  Bay  Area  by  the  U.S.  Geological  Survey;  the  development  of  State 
advisories;  the  Parkfield  earthquake  prediction  experiment  process;  the  proposed 
(USGS)  volcanic  prediction  plan  for  the  Long  Valley  area;  and  the  I.  F.  Browning  tidal 
triggering  prediction. 

NEW  SURFACE  MINING  AND  RECLAMATION  ACT  RESPONSIBILITIES 

Chapters  1097  and  1101  of  the  Statutes  of  1990  (AB  3551  and  AB  3903)  amended 
the  Surface  Mining  and  Reclamation  Act  (SMARA)  in  1990  to  significantly  increase 
the  reporting  responsibilities  of  lead  agencies  and  mine  operators,  revise  statewide 
reclamation  standards  and  require  lead  agency  consideration  of  mineral  resources 
when  considering  land  use  decisions  which  are  incompatible  with  surface  mining. 

NEW  DIMENSIONS  IN  LIBRARY  SERVICES 

The  DMG  Library  has  expanded  its  services  to  include  access  to  computer  data 
bases  for  bibliographic  search.  The  card  catalog  is  also  being  computerized. 
Participation  in  special  arrangements  with  other  libraries  is  providing  new  insights 
in  conservation  of  rare  books  in  the  DMG  collection  and  is  expanding  the  accessibil- 
ity of  other  collections  to  DMG  staff. 

INFORMATION  SERVICES  OF  DMG 

The  DMG  information  staff  responded  to  over  27,000  inquiries  last  year.  Educa- 
tional outreach  included  increased  exhibiting  at  conferences,  development  of  a 
new  brochure  on  the  Division  and  initiation  of  our  staff  effort  to  expose  minority 
youth  to  earth  sciences.  DMG  released  approximately  50  publications  last  year. 


Information  staff  person  selling  DMG  publications  at  the  Cordilleran  Section  Geological  Society  of  America  meeting  in  San 
Francisco,  April  1991 .  (Photo  by  Max  Flanery). 


THE  DIVISION  OF  MINES  AND  GEOLOGY 
MOVES  BACK  TO  SAN  FRANCISCO 


INTRODUCTION 

After  a  seven  year  absence,  the  Bay  Area  Regional 
Office  of  the  Division  of  Mines  and  Geology  (DMG)  is 
returning  to  San  Francisco.  The  new  location  is  in  One 
Trinity  Center  at  1145  Market  Street  between  7th  and 
8th  streets. 


The  office  and  li- 
brary will  occupy  the 
entire  3rd  floor  of  the 
building.  This  central 
San  Francisco  location 
is  close  to  City  Hall, 
and  Federal  and  State 
buildings.  Direct  ac- 
cess by  BART  and 
Muni  Metro  is 
through  the  Civic  Cen- 
ter Station.  There  is 
also  easy  access  by  car 
from  Highway  101 
with  convenient  park- 
ing nearby  (Civic  Cen- 
ter Garage  and  several 
other  local  lots). 

The  office  and  library 
hours  are  from  8:00 
a.m.  to  5:00  p.m.  Mon- 
day through  Friday. 


One  Trinity  Center 


Location  of  DMG's  new  Bay  Area  office  in  San  Francisco. 


BACKGROUND 

On  April  16,  1880  the  State  Legislature  established 
a  State  Mining  Bureau  to  be  located  in  San  Francisco, 
the  center  of  local  and  international  mining  and  busi- 
ness operations.  From  1880  to  1898  the  State  Mining 
Bureau  occupied  various  office  locations  in  the  city 
of  San  Francisco.  In  1899  the  offices  were  moved  to 
permanent  quarters  in  the  newly  constructed  Ferry 
Building  at  the  foot  of  Market  Street.  Although  DMG 
headquarters  were  transferred  to  Sacramento  in  1970, 
a  vigorous  office  has  continuously  been  maintained 
in  the  Bay  Area.  The  offices  remained  in  the  Ferry 
Building  until  August  1984  when  proposed  renova- 
tions of  the  Ferry  Building  forced  their  relocation. 
Division  offices  have  been  located  in  Pleasant  Hill 
since  1984. 


REASONS  FOR  MOVE 

As  the  state  geological  survey  of  California,  DMG's 
primary  role  is  to  provide  State  and  local  govern- 
ments, the  private  sector,  and  the  general  public  with 
technical  earth  science  information  that  will  assist 

them  in  making  wise 
land  use  and  other 
policy  decisions. 


Since  moving  from 
the  San  Francisco 
Ferry  Building,  a  no- 
ticeable reduction  in 
publication  sales,  li- 
brary use  and  general 
public  visits  has  been 
observed.  This  is 
thought  to  be  due  in 
part  to  the  Pleasant 
Hill  office  being  less 
accessible  to  public 
transportation  and  to 
the  smaller  daytime 
population  in  down- 
town Pleasant  Hill. 

It  was  recom- 
mended by  an  inde- 
pendent study  that 
DMG's  Bay  Area  of- 
fice be  relocated  to 
the  city  of  San  Fran- 
cisco. This  recom- 
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mendation  was  based  primarily  on  the  need  to  im- 
prove access  to  DMG  offices  for  the  general  public,  in- 
dustry, and  the  universities. 

DESCRIPTION  OF  NEW  FACILITIES 

The  Bay  Area  Regional  Office  provides  geological 
information  service  to  17  counties  in  northern  and 
central  California.  The  office  is  currently  staffed  by  14 
technical  and  support  personnel.  Over  the  next  sev- 
eral years  it  is  anticipated  that  the  Seismic  Hazards 
Zoning  Project  described  in  this  annual  report  will 
add  additional  technical  staff  to  this  office.  A  2,000 
square  foot  staff/reference  library  is  also  available  for 
public  use  (see  library  article). 
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The  Ferry  Building,  located  at  the  foot  of  Market  Street  in  San  Francisco,  housed  the  offices  of  DMG  and  its  predecessors  from  1899 
to  1984. 


DMG's  Bay  Area  office  location  in  Pleasant  Hill  from  1984  to  1991 


GEOLOGIC  PROGRAMS 

Projects  operating  out  of  the  Bay  Area  office  are 
part  of  two  major  DMG  programs  —  the  Geologic 
Hazards  Program  and  the  Geologic  Information  and 
Support  Program. 

Geologic  Hazards  Program 

•  Landslide  Hazards  Identification  Project. 

The  Landslide  Hazards  Identification  Project 
produces  maps  that  provide  information  about 
slope  stability  in  urban  and  rapidly  urbanizing 
areas.  These  maps  assist  local  governments  in 
making  land  use  decisions  that  will  prevent  and 
reduce  property  loss  due  to  landsliding. 

Staff  members  have  prepared  nine  Landslide 
Hazard  Identification  Maps  of  selected  areas 
in  the  Bay  Area  and  northern  California.  The 
areas  include:  Petaluma  Dairy  Belt  (Sonoma 
County);  parts  of  Diablo  and  Dublin  [7.5']  quad- 
rangles (Contra  Costa  County);  Benicia-Vallejo 
area  (Solano  County);  south-half  Fairfield  North 
[7.5']  quadrangle  (Solano  County);  Cordelia- 
Vallejo  area  (Solano  and  Napa  counties); 
Vacaville  and  vicinity  (Solano  County);  Clear 
Lake  and  vicinity  (Lake  County);  Cache  Creek 
area  (Lake,  Yolo,  and  Colusa  counties);  and 
Livermore  Valley  and  vicinity  (Alameda  and 
Contra  Costa  counties). 


Earl  Hart,  Senior  Geologist,  manager  of  the  Alquist-Priolo  Special 
Studies  Zones  Project  and  supervisor  of  the  DMG  Bay  Area 
Regional  Office.  Photo  by  George  Saucedo. 


Associate  geologist  in  the  Alquist-Priolo  Special  Studies  Zones 
Project  plans  field  examinations  of  critical  areas  Py  studying 
detailed  geologic  map  and  air  photos.  Photo  by  George 
Saucedo. 


Alquist-Priolo  Special  Studies  Zone 
Project  (A-P).  The  Alquist-Priolo  Special  Stud- 
ies Zone  Project  prepares  maps  that  delineate 
zones  around  active  and  potentially  active  faults 
throughout  the  state.  These  maps  assist  local 
governments  in  regulating  development  within 
these  Special  Studies  Zones  in  an  effort  to  pro- 
tect the  public  from  the  hazard  of  surface  fault 
rupture. 

Approximately  100  Special  Studies  Zone  maps 
have  been  issued  for  those  faults  in  the  Bay 
Area  considered  to  be  active  or  potentially  ac- 
tive, as  defined  by  the  State  Mining  and  Geol- 
ogy Board.  These  include  the  San  Andreas, 
Hayward,  Calaveras,  Greenville,  Green  Valley, 
Concord,  Antioch,  San  Gregorio,  Rogers  Creek- 
Healdsburg,  and  Maacama  faults. 

Seismic  Hazards  Zoning  Project.  The  newly 
established  Seismic  Hazards  Zoning  Project  will 
provide  local  governments  with  maps  that  will 
identify  those  areas  that  may  be  susceptible  to 
earthquake-induced  ground  failures  and  ampli- 
fied strong  ground  motion. 


Geologic  Information  and  Support  Program 

•  Regional  Geologic  Mapping  Project 
(RGMP).  The  RGMP  prepares  statewide 
geologic  maps  at  small  scales  (1:250,000  and 
1:750,000)  and  intermediate  scale  maps 
(1:100,000)  of  selected  urban  areas.  In  the  Bay 
Area,  a  new  San  Francisco-San  Jose  1:250,000 
scale  quadrangle  is  in  press  and  the  Monterey 
1:100,000  scale  quadrangle  is  being  prepared. 
A  new  statewide  1:750,000  scale  fault  map  is 
also  in  preparation.  Indexes  to  geologic  mapping 
and  theses  and  dissertations  are  also  produced 
by  RGMP.  An  extensive  collection  of  published 
and  unpublished  geologic  maps  is  also  main- 
tained. RGMP  products  are  often  the  starting 
point  for  mineral  resource  and  geologic  hazards 
assessments. 

•  Geologic  Information  and  Publication 
Project  (GIPP).  This  project  is  responsible  for 
the  dissemination  of  geologic  information  and 
the  sales  of  DMG  publications.  GIPP  staff 
handle  routine  inquiries  and  when  necessary, 
route  technical  questions  to  appropriate  DMG 
staff.  Information  staff  in  the  Bay  Area  office 
respond  to  approximately  4,200  telephone  calls 
and  in-person  public  contacts  annually. 

•  Library  Services  Project.  DMG's  Bay  Area 
library  provides  staff  and  the  public  with  a 
selection  of  books,  periodicals,  maps,  and  unpub- 


lished theses  and  dissertations  dealing  with 
earth  science-related  subjects.  A  computer 
data  base  of  DMG's  library  holdings  as  well  as 
MELVYL,  the  online  catalog  of  the  University 
of  California  library  system  and  the  California 
State  Library,  provide  users  with  powerful 
bibliographic  search  capabilities.  Each  year 
approximately  1,700  staff,  other  government 
employees  and  the  public  use  the  library  facil- 
ity in  the  Bay  Area. 

Aside  from  normal  day-to-day  project  assign- 
ments, DMG  staff:  respond  to  public  inquiries 
that  require  specific  technical  answers;  repre- 
sent DMG  at  professional  meetings;  and 
provide  community  outreach  services  such 
as  participating  in  career  days,  job  fairs,  and 
geology  club  meetings  at  local  schools  and  uni- 
versities. These  types  of  public  contacts  keep 
the  general  public,  as  well  as  the  scientific  com- 
munity, aware  of  DMG  activities. 

OUTLOOK  FOR  THE  FUTURE 

By  returning  to  San  Francisco,  DMG  will  be  highly 
visible  and  will  provide  easier  access  to  our  constituencies. 
Easier  access  in  a  highly  populated  area  will  mean 
increased  public  contact  and  increased  publications 
sales  —  two  ways  in  which  DMG's  effectiveness  can 
be  measured. 


Unreinforced  masonry  building  at  10th  and  Clay  streets,  Oakland.  Alluvial  soils  beneath  this  site  amplified  the  ground  motion  of  the 
October  17.  1989  Loma  Prieta  earthquake  and  destroyed  the  structure.  Photo  by  Jeff  Howard. 


NEW  SEISMIC  HAZARDS 
ZONING  RESPONSIBILITIES 


INTRODUCTION 


California  has  been  a  leader  in  governmental  efforts 
to  reduce  earthquake  losses.  In  collaboration  with 
counties  and  cities,  the  State  emphasizes  public  educa- 
tion, emergency  response  preparedness,  elimination 
or  repair  of  unsafe  buildings,  and  hazard-mitigating 
land  use  practices  and  building  codes.  After  the  Loma 
Prieta  earthquake,  State  Assembly  Speaker  Willie 
Brown  introduced  AB  3897  in  the  California  Legisla- 
ture. It  became  law  in  1990.  The  resulting  act,  Chapter 
1168,  Statutes  of  1990,  mitigates  the  circumstances 
that  cause  95  percent  of  the  earthquake  damage,  i.e. 
site  conditions  that  cause  amplification  of  strong 
ground  motion,  liquefaction  and  seismically-induced 
landslides.  Chapter  1168,  known  as  the  Seismic  Haz- 
ards Mapping  (SHM)  Act,  expands  State  loss  reduction 
efforts  based  upon  experience  gained  from  administra- 
tion of  the  Alquist-Priolo  Special  Studies  Zone  (APSSZ) 
Act.  Much  of  the  design  of  the  new  Act  parallels  the 
APSSZ  approach. 


BACKGROUND 


Pioneering  1972  legislation  established  the  APSSZ 
Act  that  mandates  the  State  Geologist  to  map  and 
zone  active  faults  within  the  State.  The  APSSZ  Act  is 
intended  to  reduce  structural  damage  caused  by  fault 
movement.  This  type  of  damage  amounts  to  about  5 
percent  of  the  value  of  property  lost  in  earthquakes. 
Using  the  APSSZ  maps,  local  governments  regulate 
the  subdivision  of  lands  and  construction  of  specified 
buildings  for  human  occupancy  so  as  to  avoid  damage 
by  surface  fault  rupture.  Before  developers  within  an 
APSSZ  zone  can  obtain  permits  to  build,  they  must 
have  consultants  conduct  special  geological  investiga- 
tions to  locate  active  faults  and  to  assure  that  pro- 
posed structures  are  beyond  the  required  setback  dis- 
tances. Special  studies  can  be  avoided  when  waivers 
are  granted  by  the  State  Geologist  based  upon  exist- 
ing evidence  that  active  faults  are  not  present  in  the 
vicinity  of  proposed  construction.  Under  the  APSSZ 
Act,  the  State  Mining  and  Geology  Board  (SMGB)  in 


Contour  map  of  California  showing  ground  motion  as  a  per- 
centage of  gravity.  There  is  only  a  10  percent  probability  that 
these  values  will  be  exceeded  in  the  next  50  years.  This  map 
was  adapted  from  S.  T.  Algermissen  and  others,  1990, 
probabilistic  earthquake  acceleration  and  velocity  maps  for 
the  United  States  and  Puerto  Rico:  U.  S.  Geological  Survey, 
Map  MF2120. 


collaboration  with  the  Department  of  Conservation 
(DOC),  establishes  the  criteria  used  by  the  State  Ge- 
ologist to  identify  active  faults  and  to  establish  special 
studies  zones.  The  SMGB  also  sets  the  policies  and 
procedures  used  by  local  governments  in  regulating 
the  location  of  new  construction  within  the  zones. 

Under  the  Act,  DMG  has  produced  a  set  of  maps  of 
active  faults  for  use  in  hazard  reduction  statewide.  In 
1990,  an  independent  consulting  report  indicated  that 
the  Act  is  effective  in  avoiding  construction  on  active 
faults.  Where  properties  are  located  within  APSSZ 
zones,  realtors  are  mandated  by  the  Act  to  disclose 
that  fact  to  prospective  buyers  before  sales  can  be  com- 
pleted. The  evaluation  concluded  that  the  real  estate 
disclosure  feature  is  the  only  element  of  the  APSSZ 
Act  that  is  not  generally  effective.  The  consultant 
recommended  clarification  of  this  section  of  the  Act. 


REDUCTION  OF  LOSSES  DUE  TO 
SITE  CONDITIONS 

The  SHM  Act  is  intended  to  reduce  losses  at  loca- 
tions where  the  stresses  to  which  structures  are  sub- 
jected are  enhanced  by  local  site  conditions.  Thick, 
dense,  unconsolidated  materials  such  as  mud  can  in- 
crease or  amplify  the  intensity  of  groundshaking  and 
consequently  damage  structures  that  have  not  been 
designed  to  withstand  this  special  effect.  Sand  and  silt 
deposits  containing  abundant  water  may  experience 
liquefaction  when  fluid  pressure  surges  associated 
with  earthquake  waves  force  the  grains  of  the  sedi- 
ment apart,  weakening  the  capacity  of  the  material  to 
support  structures  erected  on  it.  Landslides  can  be 
triggered  by  earthquakes  on  slopes  that  are  otherwise 
stable.  Property  loss  can  be  avoided  if  these  poten- 
tially hazardous  site  conditions  are  identified  and 
taken  into  account  in  land  use  regulations  and  struc- 
tural designs. 


House  destroyed  by  landsliding  which  was  triggered  by  the 
Loma  Prieta  earthquake,  October  1 7,  1989.  This  type  of 
damage  was  common  in  the  epicentral  region  of  the  Santa 
Cruz  Mountains  of  California.  Photo  by  Jeff  Howard. 
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Potentially  Active  Faults 

doc  Faults  considered  to  have  been  active  during  Holocene  time  and  to  have  a 
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Special  Studies  Zone  Boundaries 

O O    These  are  delineated  as  straight-line  segments  that  connect  encircled  turn- 
ing points  so  as  to  define  special  studies  zone  segments. 
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-O     Seaward  projection  of  zone  boundary. 


State  Geologist 


Alquist-Priolo  Special  Studies  Zone  map  showing  the  Hayward  fault  in  the  vicinity  of  the  City  of  Hayward,  along  with  geologic  details 
for  the  special  studies  zone  that  envelopes  the  fault. 


Conceptual  SHSZ  illustration  for  liquefaction  hazard,  based  on 
actual  data  in  the  southern  California  area.  This  figure  can  also 
illustrate  a  susceptibility  map  for  enhanced  ground  shaking. 
The  colored  polygon  defines  the  area  within  which  liquefiable 
conditions  are  interpreted  to  exist,  No  scale  is  shown  because 
the  concept  is  the  same  regardless  of  the  illustration's  scale. 


SEISMIC  HAZARDS  MAPPING  ACT 
IMPLEMENTATION 

To  be  economically  justifiable,  the  Seismic  Hazard 
Study  Zones  (SHSZ)  must  enclose  areas  that  have 
sufficient  probability  for  amplification,  liquefaction  or 
landsliding  to  warrant  special  geotechnical  investiga- 
tions. Mitigation  measures  can  include  design,  site 
modification  or  relocation.  The  criteria  for  zoning 
establish  the  acceptable  levels  of  risk.  Within  the 
SHSZs,  the  level  of  risk  is  considered  to  be  sufficiently 
high  (compared  to  other  natural  and  manmade  haz- 
ards) to  require  special  investigations  to  identify  how 
the  potential  losses  can  be  reduced.  Local  governments 
select  the  mitigation  measures  when  they  approve 
individual  permit  applications  and  they  have  consider- 
able latitude  in  developing  their  own  acceptable  risk 
policies.  The  greatest  scientific  and  public  policy  inno- 
vation required  to  implement  the  SHM  Act  is  the 
establishment  of  criteria  for  the  delineation  of  SHSZs. 
The  maps  to  be  developed  by  DMG  beginning  in  Fiscal 
Year  1991-92  will  be  the  first  of  their  kind  to  be  em- 
ployed in  land  use  regulation  on  a  statewide  scale. 

The  identification  of  characteristics  of  active  faults 
for  APSSZ  mapping  relies  to  a  considerable  extent 
upon  features  observed  at  the  surface.  In  contrast, 


assessment  of  susceptibility  to  amplification,  liquefac- 
tion and  to  a  lesser  degree  landsliding  requires  knowl- 
edge of  physical  properties  of  soil  and  rock  material 
such  as  thickness,  grain  sizes,  porosity,  fabric  and  the 
degree  of  ground  water  saturation.  Landslide  investi- 
gations rely  additionally  on  evaluation  of  topography 
and  the  structural  condition  of  rock  and  soils.  To  be 
economically  practical,  SHSZ  mapping  must  largely 
depend  on  interpretation  of  existing  data.  Fortunately, 
extensive  subsurface  data  are  available  from  tens  of 
thousands  of  drill  hole  records  and  previous  engineer- 
ing investigations  in  many  urban  areas  of  the  state. 

The  products  derived  from  analyzing  subsurface 
data  are  maps  of  each  type  of  hazard  identifying  levels 
of  susceptibility  to  failure.  The  levels  of  susceptibility 
depend  upon  the  intrinsic  physical  properties  of  each 
site.  Hazard  susceptibility  maps  display  geographic 
variations  in  the  levels  of  susceptibility.  The  potential 
for  events  such  as  amplification,  liquefaction  or 
landsliding  to  occur  depends  upon  the  opportunity  for 
materials  with  sufficiently  high  levels  of  susceptibility 
to  fail  because  earthquake  excitation  exceeds  their 
strength.  Seismic  shaking  intensity  maps  or  opportu- 
nity maps  portray  the  aerial  patterns  of  ground  motion 
anticipated  from  future  earthquakes.  The  hazard  sus- 
ceptibility and  opportunity  maps  are  combined  to 
derive  the  hazard  potential  maps  delineating  variation 
in  the  probability  of  occurrence  of  amplification,  lique- 
faction and  landsliding.  The  Seismic  Hazard  Studies 
Zone  maps  will  be  the  interpretive  maps  used  by  local 
governments  in  their  regulation  of  new  construction. 
The  zones  will  be  established  using  selected  threshold 
values  of  hazard  potential  to  delineate  them.  Amplifi- 
cation, liquefaction  and  landsliding  hazards  will  be 
separately  portrayed  in  a  set  of  seismic  hazard  studies 
zones  maps  which  will  be  published  for  each  region 
investigated. 

The  SMGB  is  required  by  AB  3897  to  prepare  guide- 
lines and  criteria  for  the  State  Geologist  to  use  in 
defining  the  SHSZs.  An  advisory  committee  to  the 
Board  has  been  established  by  the  Act.  Conferences 
and  working  groups  composed  of  leaders  in  engineer- 
ing geology,  geotechnical  engineering  and  seismology 
have  supported  the  advisory  committee.  The  commit- 
tee has  recommended  the  methods  of  analysis  and  the 
levels  of  susceptibility  to  be  used  together  with  inten- 
sity of  groundshaking  opportunity  to  determine  the 
threshold  of  hazard  potential  to  be  used  in  zoning  for 
each  type  of  failure.  Areas  where  these  thresholds  are 
exceeded  will  be  included  within  SHSZs. 

The  following  example  illustrates  how  the  SMGB 
guidelines  will  be  applied  in  mapping  SHSZs  for  lique- 


faction.  The  SMGB  will  define  the  threshold  level  of 
susceptibility  of  materials  to  liquefaction  by  specifying 
water-saturated  sediments  of  certain  grain  sizes  which 
are  young  enough  not  to  have  been  compacted  by  ear- 
lier earthquakes  or  have  grains  cemented  together  by 
minerals  precipitated  from  ground  water.  Mapping 
these  sediments  portrays  the  distribution  of  highly 
susceptible  materials.  The  opportunity  for  highly  sus- 
ceptible materials  at  specific  locations  to  be  liquefied 
can  be  expressed  as  the  probability  that  during  a 
specified  period  of  time,  say  50  years  (the  design  life  of 
many  buildings),  groundshaking  will  at  least  once  ex- 
ceed the  threshold  level  of  intensity  that  will  trigger 
liquefaction.  Thus,  the  greatest  potential  for  liquefac- 
tion will  be  in  areas  where  highly  susceptible  materi- 
als are  in  locations  close  enough  to  active  faults  so 
there  is  a  significant  probability  that  shaking  above 
the  threshold  level  will  cause  this  special  type  of 
ground  failure.  SHSZs  for  liquefaction  will  identify 
such  areas  for  local  government  regulation  requiring 
that  geotechnical  studies  be  conducted  to  further  de- 
fine the  hazard. 

DMG  is  planning  the  development  of  the  shaking 
opportunity  map  of  the  State  that  will  present  the 
probabilities  that  specified  levels  of  shaking  intensity 
will  be  exceeded  during  a  selected  period  of  time.  The 
shaking  levels  will  be  expressed  as  contours  on  the 
map.  DMG  will  employ  state-of-the-art  analytical  tech- 
niques and  interpretations  of  earthquake  potential. 

DMG  plans  to  begin  staffing  the  new  SHSZ  map- 
ping unit  beginning  in  July  1991.  Staff  will  be  located 
in  Sacramento,  Los  Angeles  and  San  Francisco.  The 
highest  priority  for  zoning  will  be  the  six  million  urban 
acres  in  which  over  70  percent  of  the  population  of  the 


State  resides.  The  region  comprises  approximately  150 
U.S.  Geological  Survey  7.5  minute  quadrangles  that 
display  topography  at  the  scale  of  one  inch  equals 
2,000  feet.  These  will  be  used  as  the  base  maps  on 
which  the  hazard  zones  will  be  plotted  and  conveyed  to 
local  governments  for  use  in  land  use  planning  and 
regulation.  A  set  of  preliminary  maps  will  be  distrib- 
uted for  commentary  and  after  these  are  revised,  the 
final  official  maps  will  be  issued. 

The  development  of  susceptibility,  groundshaking 
opportunity  and  hazard  potential  maps  requires  the 
analysis  of  vast  quantities  of  data  derived  from  drill 
hole  records  and  previous  engineering  investigations. 
A  sophisticated  computerized  Geographic  Information 
System  (GIS)  will  be  required.  In  addition  to  its  ana- 
lytical capabilities,  the  new  computer  system  will  en- 
able DMG  to  accurately  present  its  maps  to  local  gov- 
ernment at  any  scale  that  they  may  require  in  addi- 
tion to  the  published  edition.  This  convenience  should 
assure  greater  use  of  SHSZ  maps. 


SUMMARY  AND  CONCLUSIONS 

The  Seismic  Hazards  Mapping  Act  provides  an 
opportunity  for  local  governments  in  California  to  fur- 
ther reduce  earthquake  losses.  It  will  extend  the  time- 
proven  approach  of  the  Alquist-Priolo  Special  Studies 
Zone  Act.  DMG  is  preparing  to  implement  its  new 
responsibilities  under  the  guidance  of  the  Department 
of  Conservation  and  the  State  Mining  and  Geology 
Board.  The  success  of  this  effort  in  California  may 
eventually  serve  as  a  model  for  mitigation  in  other 
earthquake-prone  areas. 


EARTHQUAKES  IN  OUR  FUTURE: 
EARTHQUAKE  PREDICTION  EVALUATION 


INTRODUCTION 

Since  this  is  the  first  annual  report  discussing 
earthquake  prediction  issues,  a  brief  background  on 
the  state-of-the-science  and  the  handling  of  predictions 
in  California  is  included. 

BACKGROUND 

Earthquake  predictions  have  probably  been  made 
since  prehistoric  time  as  people  have  tried  to  forecast 
the  cataclysmic  events  affecting  their  environment. 
Prediction  efforts  continue  to  this  day.  To  be  used  in 
loss  reduction,  a  prediction  must  identify  the  location 
of  the  anticipated  earthquake,  its  size  (large  enough  to 
damage  structures),  and  the  expected  time  of  occur- 
rence. There  must  also  be  a  high  degree  of  confidence 
that  the  prediction  is  correct  for  it  to  be  used  in  public 
policy.  If  the  predicted  earthquake  does  not  material- 
ize, the  personal  and  governmental  costs  and  the  in- 
terruptions to  everyday  living  taken  to  protect  people 
have  been  futile.  In  California,  local  governments  look 
to  the  State  for  guidance  in  handling  earthquake  pre- 
dictions. Since  State  law  authorizes  the  Governor  to 
declare  a  state  of  emergency  in  response  to  an  earth- 
quake prediction,  the  need  for  prudent  State  policy  is 
very  great. 

In  1976,  the  State  Office  of  Emergency  Services 
(OES)  established  the  California  Earthquake  Predic- 
tion Evaluation  Council  (CEPEC)  to  advise  on  earth- 
quake predictions.  At  the  time  CEPEC  was  estab- 
lished, several  apparent  prediction  successes  implied 
that  accurate  prognostication  might  soon  become  rou- 
tine. Advances  since  then  have  been  uneven,  however, 
and  have  not  completely  fulfilled  the  original  opti- 
mism, especially  for  short-term  predictions. 

Since  1978,  CEPEC  has  been  chaired  by  the  State 
Geologist.  The  balance  of  the  Council  comprises  nine 
other  scientists  from  earthquake  research  institutions 
throughout  the  State.  As  a  group,  CEPEC  members 
have  the  expertise  to  advise  on  the  scientific  implica- 
tions of  the  various  types  of  earthquake  and  volcanic 
eruption  predictions  that  may  emerge  in  California. 
OES  policy  requires  advice  specifically  from  CEPEC 
on  prediction  matters  as  part  of  OES  operating  proce- 
dures. CEPEC  is  able  to  advise  OES  in  extremely 
short  turnaround  times  using  pagers  (beepers)  and 
telephone  conferences. 


For  consideration  in  public  policy,  earthquake  pre- 
dictions are  best  classified  by  using  the  time  frames 
in  which  the  damaging  events  are  expected.  The 
three  categories  are  distinguished  in  the  following 
table. 


EARTHQUAKE  PREDICTIONS 


Type  of  Prediction 


Time  Frame 


Long-Term 

Intermediate-Term 
Short-Term 


Years  to  Decades 
Months  to  Years 
Minutes  to  Weeks 


These  categories  are  important  distinctions  be- 
cause appropriate  personal  and  governmental  poli- 
cies are  different  for  each  type.  For  example,  certain 
emergency  measures  that  are  practical  during  the 
time  frame  of  the  short-term  prediction  (i.e.,  evacu- 
ation) would  not  be  sustainable  for  longer  time 
periods. 

Research  advances  in  the  last  15  years  have  devel- 
oped insights  and  investigative  methods  yielding  a 
group  of  long-term  predictions  that  many  scientists 
accept.  In  California,  during  1988  the  U.S.  Geological 
Survey  (USGS)  published  long-term  predictions  that 
were  developed  to  express  the  probabilities  of  large 
earthquakes  occurring  during  the  next  30  years  for 
13  segments  of  the  San  Andreas  fault  system.  For 
each  of  the  segments,  the  probabilities  are  based  on 
estimates  of  the  time  spans  between  large  events  and 
the  amount  of  displacement  along  the  fault  in  previ- 
ous earthquakes. 

Using  similar  data  to  those  employed  in  long-term 
prediction,  scientists  made  an  intermediate-term  pre- 
diction (98  percent  probability  in  1988  +  5  years)  that 
a  magnitude  6  earthquake  would  occur  on  a  25  mile 
segment  of  the  San  Andreas  fault  near  the  small 
community  of  Parkfield  in  the  central  portion  of  the 
San  Andreas  fault  midway  between  Los  Angeles  and 
San  Francisco.  In  1985,  when  CEPEC  reviewed  this 
prediction  the  Council  recommended  to  OES  and 
USGS  that  a  scientific  experiment  be  made  to  see 
whether  a  short-term  prediction  could  be  made  before 
the  expected  earthquake  occurs. 
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Index  map  showing  major  faults  and  the 
location  of  the  Parkfield  Experiment. 


The  USGS  and  the  State  of  California  agreed  to  the 
experiment.  Equipment  was  installed  to  monitor  the 
earthquake  activity  and  the  subtle  deformation  of  the 
earth's  crust  in  the  locality.  By  intensively  instru- 
menting this  short  segment  of  the  San  Andreas  fault, 
scientists  hoped  to  detect  the  small  changes  which 
may  occur  just  before  the  earth's  crust  fails  and  pro- 
duces sizable  earthquakes.  The  results  may  assist 
short-term  prediction  in  other  areas.  The  scientific  ex- 
periment is  paralleled  by  the  social  experiment  of  issu- 
ing a  prediction  warning  to  the  affected  population. 
CEPEC  is  advising  OES  and  USGS  regarding  these 
procedures. 

At  present,  accurate  short-term  prediction  of  earth- 
quakes remains  an  elusive  research  goal.  To  date,  no 
scientific  consensus  exists  as  to  when  in  the  future  it 
will  be  possible  to  make  short-term  predictions.  In  the 
meantime,  real  progress  is  being  made  in  both  long- 
term  and  intermediate-term  predictions. 


CEPEC  Activities  During  1990-1991 

•  Long-Term  Prediction.  After  Loma  Prieta, 
the  USGS  reappraised  the  30-year  probability 
estimates  for  portions  of  the  northern  San 
Andreas  fault  system  which  it  had  published  in 
1988.  In  late  1989  a  USGS  Bay  Area  Working 
Group  was  established  for  this  purpose.  CEPEC 
reviewed  drafts  of  the  1990  USGS  Bay  Area 
Working  Group  long-term  probability  report  in 
June  and  approved  the  revised  report  in  July. 
The  Council  advised  both  the  USGS  and  OES 
that  the  conclusions  in  the  report  were  suitable 
for  use  in  State  public  policy.  The  Working 
Group  report  was  published  later  during  the 
summer. 

•Earthquake  Advisories.  In  1990,  CEPEC 
provided  input  during  the  development  of  the 
OES  publication,  California  Earthquake  Advi- 
sory Plan.  The  report  established  regular  proce- 
dures for  the  development  of  advisories  within 
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OES  and  outlined  the  types  of  appropriate 
responses  to  them  that  should  be  taken  by  local 
governments.  This  was  the  first  plan  of  its  kind 
anywhere  in  the  world.  CEPEC  also  partici- 
pated in  a  series  of  OES  workshops  later  in  the 
year  to  introduce  the  publication  and  advisory 
process  to  local  governments  and  the  media. 

OES  uses  new  capabilities  derived  from  re- 
search in  its  advisories  to  Californians  about 
the  possibilities  of  damaging  earthquakes  dur- 
ing aftershock  sequences.  Employing  a  recently 
developed  USGS  method,  estimates  can  be 
made  of  the  probability  that  earthquakes  of 
magnitude  6  or  larger  may  be  followed  by  dam- 
aging aftershocks  and  the  probability  that  mag- 
nitude 5  events  or  larger  may  be  foreshocks 
(precursors)  to  follow-on  mainshocks  of  greater 
size.  Such  conclusions  do  not  have  sufficient 
precision  to  be  short-term  earthquake  predic- 
tions, but  they  are  useful  in  advisories. 

The  Parkfield  Intermediate-Term  Earth- 
quake Prediction  Experiment.  The  USGS, 
with  input  from  CEPEC,  has  developed  criteria 
for  interpreting  the  seismic  and  crustal  defor- 


mation data  collected  as  part  of  the  Parkfield 
experiment.  Levels  of  activity  have  been  ranked 
from  E  to  A  in  five  successively  higher  rates 
above  the  normal  activity  level  of  earthquakes 
and  deformation.  When  A  level  is  reached,  a 
short-term  prediction  warning  for  the  antici- 
pated Parkfield  magnitude  6  earthquake  will  be 
issued  by  OES  to  local  governments  and  the 
public.  During  1990  CEPEC  suggested  to  the 
USGS  and  OES  that  revised  procedures  be  used 
in  interpreting  the  criteria  for  B  level  activity 
and  recommended  improvements  in  the  way  an- 
nouncements of  A  and  B  activity  levels  are  com- 
municated by  the  USGS  to  the  State  and  the 
media.  This  advice  is  being  acted  on  by  the 
USGS  and  OES. 

Long  Valley  Volcanic  Eruption  Prediction. 

Using  the  Parkfield  approach,  the  USGS  is 
developing  a  five  level  classification  (E  to  A)  of 
the  rates  of  geologic  activities  which  are  above 
the  usual  background  levels  of  earthquake 
occurrence  and  crustal  deformation  at  the  Long 
Valley  Caldera  in  eastern  California.  When  geo- 
logic activities  rise  to  level  A,  they  will  trigger 
a  short-term  warning  signifying  an  imminent 


The  two  short  cylinders  contain  a  creepmeter  placed  across  the  San  Andreas  fault  trace  which  continuously 
monitors  surface-fault  movements.  The  trace  of  the  San  Andreas  fault  is  shown  Py  the  stippled  area.  This 
creepmeter  is  just  west  of  the  Parkfield  Road  northwest  of  Jacks  Ranch. 
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volcanic  eruption  at  Long  Valley.  CEPEC 
reviewed  the  USGS  Long  Valley  plan  in 
March  1991  and  recommended  it  be  adopted  by 
the  USGS  and  OES  to  characterize  the  volcanic 
hazard  in  the  area  and  to  be  the  basis  for  public 
safety  operations. 

•  Tidal  Triggering  Predictions.  In  late  1989, 
Dr.  Iben  F.  Browning,  a  self-styled  climatologist 
who  claimed  to  have  predicted  the  October  17, 
1989  Loma  Prieta  earthquake  and  1980  Mount 
St.  Helens  eruption,  stated  that  there  was  a  50 
percent  chance  of  the  occurrence  of  large  earth- 
quakes in  northern  California,  the  New  Madrid 
area  of  Missouri  and  the  adjoining  states  of  the 
Midwest  and  Japan  during  December  2-3,  1990. 
The  prediction  was  based  upon  the  unproven 
claim  that  earth  tides  resulting  from  positions  of 
the  sun  and  moon  would  trigger  damaging 
earthquakes. 

Based  upon  CEPEC  advice,  in  August,  OES 
informed  local  governments  and  the  public  that 
"the  Browning  prediction,"  as  it  had  become 


known,  should  not  be  used  in  public  policy. 
Consequently,  no  panic  was  associated  with  the 
prediction  in  California.  In  the  Midwest,  how- 
ever, public  concerns  continued  to  build.  In 
September,  the  USGS  established  an  ad  hoc 
committee  to  review  the  I.F.  Browning  claims 
and  put  the  prediction  into  perspective.  The 
California  State  Geologist  was  asked  to  chair 
the  committee  because  of  the  earlier  CEPEC 
advice.  This  report,  issued  to  media,  local  offi- 
cials and  the  public  in  mid-October,  explained 
the  lack  of  credibility  of  the  Browning  prediction 
and  also  demonstrated  that  Browning  had  not 
predicted  either  the  Loma  Prieta  earthquake  or 
the  eruption  of  Mount  St.  Helens  as  he  had 
claimed. 


SUMMARY  AND  CONCLUSIONS 

During  1990-91  CEPEC  was  instrumental  in  help- 
ing OES  bring  the  cutting  edge  of  earthquake  and 
volcanic  eruption  prediction  research  to  bear  on 
California  public  policy. 
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Rock  crusher  and  conveyor  system  in  the  Wilson  Quarry,  San  Benito  County.  Continuous  since  1900,  this  is  the  largest  crushed 
and  broken  stone  quarry  in  California.  Excavation  is  sheared  rock  material  within  the  San  Andreas  fault  zone.  Photo  by  John 
Clinkenbeard. 

NEW  SURFACE  MINING  AND  RECLAMATION 
ACT  RESPONSIBILITIES 


INTRODUCTION 

Reclamation  of  mined  lands  is  mandated  in  one 
form  or  another  in  all  states.  Since  1976  in  California, 
the  Surface  Mining  and  Reclamation  Act  (SMARA) 
has  required  that  the  State  Mining  and  Geology  Board 
(SMGB)  establish  the  policies  and  procedures  under 
which  local  governments  regulate  mined  land  recla- 
mation. 

DMG  staff,  under  the  guidance  of  the  Department 
of  Conservation  (DOC)  and  the  State  Geologist,  are 
required  to  support  the  SMGB  and  to  technically 
assist  local  governments  with  their  reclamation  re- 
s  ponsibilities. 

SMARA  was  amended  five  times  between  1980  and 
1987.  In  1990  two  amendments  were  made  to  SMARA, 
Chapters  1097  and  1101  of  the  Statutes  of  1990  (AB 
3551  and  AB  3903),  which  significantly  increased  the 
responsibilities  of  the  Board,  the  Division  and  local  gov- 
ernments in  overseeing  reclamation.  This  article  sum- 
marizes DMG's  efforts  to  implement  the  changes  in 
the  Act,  most  of  which  became  effective  on  July  1,  1991. 


BACKGROUND 

As  originally  enacted,  local  governments  (lead  agen- 
cies) were  required  to  establish  ordinances,  to  approve 
or  disapprove  reclamations  plans  of  applicants  and  to 
grant  or  deny  land  use  permits  for  mining.  In  1977,  the 
Board  established  policies  and  procedures  for  the  de- 
velopment of  reclamation  ordinances  by  lead  agencies 
and  for  the  reclamation  plans  prepared  by  applicants. 
This  decentralized  arrangement  was  designed  to  keep 
the  land  use  decision-making  authority  with  local  gov- 
ernments. Unfortunately,  it  has  been  difficult  for  the 
state  to  assess  and  ensure  that  lead  agencies  and  mine 
operators  comply  with  the  law.  Efforts  to  compile  a  list 
of  active  mines  have  been  labor-intensive  and  cross 
checks  of  completeness  and  accuracy  are  difficult. 
There  are  approximately  1,100  active  mines  in  the 
state.  Some  of  the  120  lead  agencies  are  not  aware  of 
all  of  the  mining  going  on  in  their  jurisdictions.  Uncer- 
tainties also  exist  about  minimum  reclamation  re- 
quirements that  operators  must  meet.  As  a  result,  sig- 
nificant variations  exist  in  the  requirements  imposed 
by  local  governments  as  well  as  the  extent  of  lead 
agency  and  mine  operators'  compliance. 
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Failure  to  reclaim  mined  lands  denies  society  of 
beneficial  post-mining  uses,  and  may  also  threaten 
environmental  quality  and  public  safety.  Through 
careful  planning,  mined  land  can  be  restored  to  a  vari- 
ety of  productive  purposes.  Some  beneficial  uses  for 
reclaimed  mined  land  in  California  include  agricul- 
ture, residential  and  industrial  developments,  land- 
fills, golf  courses,  botanical  gardens,  wildlife  habitats, 
and  percolation  basins  for  groundwater  recharge.  The 
Division's  Mined  Land  Reclamation  Project  staff  have 
expertise  in  mining  and  geological  engineering,  hydrol- 
ogy and  botany.  They  assist  local  governments  in 
appraising  the  reclamation  plans  submitted  by  appli- 
cants for  mining  permits. 

The  State  Geologist  is  also  charged  by  SMAEA  to 
conduct  mineral  land  classification.  The  resultant 
DMG  classification  maps  and  reports  inform  local 


governments  of  useable  mineral  resources  existing  in 
portions  of  their  jurisdictions.  The  lead  agencies  may 
then  consider  the  possible  loss  of  these  significant  re- 
sources when  contemplating  proposed  land  uses  which 
are  incompatible  with  surface  mining.  Under  SMARA, 
local  governments  are  required  to  develop  mineral 
resource  management  policies  within  12  months  of 
receiving  DMG  classification  reports,  giving  special 
attention  to  areas  the  SMGB  has  formally  designated 
to  be  of  statewide  or  regional  significance.  These  min- 
eral policies  should  be  reviewed  by  the  SMGB  after 
they  are  developed  by  local  governments.  Lead  agen- 
cies should  refer  to  them  when  making  land  use  deci- 
sions which  are  incompatible  with  mining.  Unfortu- 
nately, lead  agency  compliance  with  this  mineral 
resource  conservation  feature  of  SMARA  has  been 
deficient. 


NONFUEL  MINERAL  PRODUCTION  IN  CALIFORNIA.1  U.S.  BUREAU  OF  MINES  STATISTICS. 


1988 


1989 


E1990 


Mineral 


Quantity 


Value 
(thousands) 


Quantity 


Value 
(thousands) 


Quantity 


Value 
(thousands) 


2Boron  Minerals  ...thousand  metric  tons  578  $429,667  562              $429,806                       565 
Cement: 

Masonry thousand  short  tons  8  730  WWW 

Portland thousand  short  tons  10,423  601,152  10,911                642,020                  10,500 

Clays metric  tons       2,015,488  31,620  2,195,830  39,243             2,342,092 

Gemstones NA  3,365  NA                    2,982                        NA 

3Gold kilograms  22,442  316,246  29,804                 366,595                   32,000 

Gypsum thousand  short  tons  1,490  11,222  1,734                  13,066                    1,771 

Lime thousand  short  tons  458  20,242  395                  24,503                       366 

Peat thousand  short  tons  2  119 

Pumice short  tons  35,000  1,245  79                    4,612                         W 

Sand  and  gravel: 

Construction thousand  short  tons  141,946  622,074  E1 38,300               E670,800                127,200 

Industrial thousand  short  tons  2,444  42,078  2,426                  43,863                    2,400 

3Silver metric  tons  15  3,148  21                    3,650                         18 

Stone: 

Crushed thousand  short  tons  E49,100  E275,000  54,887                238,034                  44,000 

Dimension short  tons  E42,048  E5,991  28,829                    5,564                  30,077 

Combined  value  of  asbestos,  barite  (1988),  calcium  chloride  (natural)  (1988-89),  copper,  diatomite,  feldspar,  iron  ore 
(includes  byproduct  material),  magnesium  compounds,  mercury,  molybdenum,  perlite,  potash,  rare-earth  metal  concentrates, 
salt,  soda  ash,  sodium  sulfate  (natural),  talc  and  prophyllite,  titanium  concentrates  (ilmenite,  1989),  tungsten  ore  concentrates, 

and  values  indicated  by  symbol  W XX  334,755  XX                369,468                        XX 


$404,476 

W 

619,500 

41,222 

2,400 

390,952 

13,743 

22,703 

W 

623,200 

45,500 

2,894 

200,600 
5,213 


349,940 


Total 


XX 


2,698,654 


XX 


2,854,206 


XX 


2,722,343 


Estimated.   NA  Not  Available.   W  Withheld  to  avoid  disclosing  company  proprietary  data; 
value  included  with  "Combined  Value"  figure.   XX  Not  applicable. 

'Production  as  measured  by  mine  shipments,  sales,  or  marketable  production  (including  consumption  by  producers). 

beginning  with  1989  data  reported  as  B2O3;  1988  data  converted. 

Recoverable  content  of  ores. 
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Plant  facilities  ana  eguipment  at  the  Cushenberry  guarry  in  Lucerne  Valley,  San  Bernardino  County.  Limestone  from  this  mining 
facility  is  used  for  the  manufacture  of  cement.  It  Is  owned  by  Mitsubishi  Cement  Corporation.  Mine  structures  such  as  these  must 
be  dismantlea  following  the  completion  of  mining.  Photo  by  John  Clinkenbeard. 


1990  LEGISLATIVE  CHANGES 

The  discussion  that  follows  highlights  DMG's  efforts 
to  implement  changes  in  SMARA.  These  include:  clari- 
fication of  minimum  reclamation  standards;  new  re- 
porting responsibilities  for  lead  agencies  and  mine  op- 
erators; and  new  financial  requirements. 

•  Minimum  Reclamation  Standards.  The 

1990  changes  require  that  SMGB  adopt  regula- 
tions for  verifiable  minimum  statewide  stan- 
dards dealing  with:  wildlife  habitats;  backfill- 
ing, slope  stability  and  contouring;  revegetation 
of  mined  land;  drainage  diversions  and  erosion 
control;  post-mining  uses  of  prime  and  other  ag- 
ricultural lands;  removal  of  buildings  and  equip- 
ment employed  in  mining;  stream  protection; 
topsoil  salvage  and  maintenance;  and,  manage- 
ment of  tailings  and  mining  waste. 


•  New  Reporting  Responsibilities  for  Mine 
Operators  and  Lead  Agencies.  Beginning 
July  1,  1991,  all  mine  owners  or  operators  must 
annually  report  specified  information  to  the 
State  Geologist  about  the  volume  and  type  of 
mineral  commodities  produced,  the  acreage  dis- 
turbed, the  acreage  reclaimed  during  the  previ- 
ous year  and  the  total  area  remaining 
unreclaimed.  The  State  must  notify  the  opera- 
tor within  30  days  that  it  has  received  the  an- 
nual report.  Operators  are  also  required  to  file 
annual  reports  with  lead  agencies  beginning 
July  1991. 

A  copy  of  the  approved  reclamation  plan  is  re- 
quired with  the  first  annual  report  and  amend- 
ments are  to  be  provided  in  subsequent  years. 


Haul  roads,  mining  sites  and  test  pits  at  the  Grefco,  Inc.  diatomite  quarry,  Santa  Barbara  County.  California  is  a  leading  producer 
of  diatomite.  Photo  by  John  Clinkenbeard. 


Beginning  in  1992,  operators  must  also  post  a 
surety  bond  or  some  other  instrument  of  assur- 
ance that  demonstrates  the  financial  capability 
to  carry  out  the  reclamation  specified  in  the 
plan.  In  subsequent  years  the  annual  report 
will  include  a  copy  of  the  financial  assurance 
and  proof  that  it  has  been  approved  by  the  lead 
agency.  Within  90  days  of  a  mine  becoming  idle, 
the  operator  must  submit  an  interim  manage- 
ment plan  to  the  lead  agency  specifying  terms  of 
compliance  with  the  reclamation  plan  require- 
ments during  the  period  of  inactivity. 

Lead  agencies  must  conduct  an  annual  inspec- 
tion of  each  mine  in  their  jurisdiction  to  deter- 
mine the  status  of  operator  compliance  with  the 
reclamation  plan.  The  inspection  report  must  be 


filled  out  by  either  a  professionally  registered 
geologist,  civil  engineer,  landscape  architect  or 
forester.  The  State  must  receive  a  copy  of  every 
inspection  report  within  30  days  of  the  site 
visit.  The  forms  used  by  lead  agencies  in  the 
inspection  and  issuing  of  violation  notices  are 
to  be  developed  by  the  State.  State  forms  and 
procedures  are  also  used  by  lead  agencies  in 
notifying  operators  of  noncompliance  and  in 
ordering  compliance  when  the  violation  re- 
mains unrectified.  Failure  to  correct  a  violation 
or  to  file  the  annual  report  with  the  State  and 
the  lead  agency  can  also  result  in  fines.  If  a  lead 
agency  fails  to  comply  with  its  regulatory 
responsibilities,  the  SMGB  can  assume  the 
lead  agency  status  and  discharge  its  SMARA 
responsibilities. 


Lead  agencies  must  advise  the  State  when  they 
make  land  use  decisions  which  are  incompatible 
with  surface  mining  in  mineral  resource  areas 
that  have  been  designated  by  the  Board  to  be  of 
regional  or  statewide  significance  based  upon 
the  State  Geologist's  mined  land  classification. 
During  the  approval  of  reclamation  plans,  lead 
agencies  must  advise  the  State  Geologist  when 
they  have  taken  positions  that  differ  with  the 
DMG  technical  advice  provided  in  the  DMG  re- 
view. 

New  Financial  Requirements  for  Mine 
Operators.  The  1991  laws  require  that  opera- 
tors provide  financial  assurance  of  reclamation 
(surety  bonds,  etc.)  that  are  made  payable  both 
to  the  State  and  the  lead  agencies. 

The  cost  of  maintaining  the  State's  new  report- 
ing and  compliance  responsibilities  will  be  de- 
frayed by  the  collection  of  an  annual  fee  from 
each  mine  operator  that  is  paid  at  the  time  the 
annual  report  is  due.  The  fee  is  set  between  $50 
and  $2,000  depending  upon  the  extent  of 
unreclaimed  lands.  The  fees  go  to  the  Mine  Rec- 
lamation Account.  These  monies  are  to  fund  the 


State's  mine  reclamation  and  compliance  activi- 
ties. The  authorized  expenditure  for  the  first 
year  is  slightly  in  excess  of  $1  million. 

Fines  for  certain  violations  of  SMARA  must  be 
paid  to  the  lead  agency  for  infractions  identified 
during  annual  inspections  that  have  not  been 
corrected  in  a  timely  manner.  The  State  re- 
ceives fines  for  noncompliance  with  the  annual 
report  requirement  and,  under  certain  circum- 
stances, for  failure  to  rectify  reclamation  plan 
violations  the  State  has  identified. 

Finally,  new  legislation  authorizes  the  State 
Geologist  to  receive  reimbursement  costs  in- 
curred in  preparation  of  special  DMG  mineral 
land  classification  reports  that  are  developed  in 
response  to  a  petition  by  industry.  The  SMGB 
may  direct  DMG  to  prepare  the  reports  if  the 
petitioners  have  demonstrated  in  their  requests 
that  the  mineral  deposits  which  they  wish  to 
have  evaluated  are  in  imminent  threat  of  be- 
coming inaccessible  as  the  result  of  pending 
land  use  decisions  that  are  incompatible  with 
mining. 
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Mining  face  in  the  huge  Boron  Pit  of  the  U.S.  Borax  and  Chemical  Corporation,  Kern  County.  This  very  large  excavation  will  have  a 
post-mining  use  that  is  compatible  with  the  approved  reclamation  plan. 


Response  to  Legislative  Changes 

•  Response  to  Minimum  Legislative 
Changes.  A  Technical  Advisory  Committee 
(TAC)  has  been  established  to  work  with  the 
Environmental  Review  and  Reclamation  Com- 
mittee of  the  SGMB  to  assist  in  developing  the 
standards.  The  Supervising  Geologist  who  over- 
sees DMG's  Environmental  Protection  Program 
chairs  the  TAC  under  the  guidance  of  the  DOC 
and  the  State  Geologist.  Other  DMG  staff  ad- 
vise informally.  Industry,  county  planners  and 
environmental  representatives  also  serve  on  the 
TAC.  DMG  staff  have  drafted  and  revised  ver- 
sions of  the  standards  for  the  TAC  to  consider 
and  have  provided  minutes  of  their  meetings. 

California  has  great  diversity  of  climate,  drain- 
age, soils  and  topography.  With  such  diversity, 
statewide  mined  land  reclamation  performance 
standards  must  deal  with  environmental  issues 
with  minimum  levels  of  protection  rather  than 
detailed  prescriptions  of  reclamation  treat- 
ments. This  greatly  challenges  the  staff  and  the 
TAC  to  propose  effective  standards  to  the 
SMGB.  After  a  preliminary  version  is  accepted 
by  the  SMGB,  the  standards  will  be  submitted 
for  comment  and  a  public  hearing  will  be  held. 
The  statutory  deadline  for  adoption  by  the 
SMGB  is  in  January  1992. 

•  DMG  Response  to  New  Reporting  and 
Financial  Requirements.  The  Mined  Land 
Reclamation  Project  staff  previously  have  re- 
viewed about  300  reclamation  plans  per  year. 
With  increased  compliance,  an  additional  75  to 
100  reports  are  anticipated.  Arrangements  for 
adding  new  staff  were  undertaken  in  1990-1991. 

The  new  requirement  that  lead  agencies  advise 
the  State  Geologist  when  land  use  decisions  are 
made  that  would  preclude  surface  mining  in  ar- 
eas that  have  been  classified  as  having  signifi- 
cant useable  deposits  of  mineral  resources  will 
require  DMG  oversight  and  responses. 

The  reimbursement  of  DMG  petition  report 
costs  will  permit  the  Division  to  contract  for 
non-staff  services.  Thus  the  regional  land  clas- 
sification activities  will  not  be  interrupted  by 
redirecting  the  project  staff  as  was  necessary 
in  the  past.  A  process  must  be  established 
together  with  the  DOC  and  the  SMGB  to 
receive  petition  report  reimbursements  and 
to  engage  and  supervise  qualified  individuals 
to  prepare  the  required  classification  reports. 


•  Additional  DOC  Response  to  New  Report- 
ing and  Financial  Requirements.  The  Office 
of  Mine  Reporting  and  Reclamation  Compliance 
(OMRRC)  has  been  established  to  handle  many 
of  the  new  responsibilities  and  transactions.  A 
computerized  mine  data  base  file  and  a  lead 
agency  information  file  are  being  created  to 
facilitate  tracking  compliance  with  the  annual 
operator's  report  and  collection  of  the  reporting 
fees.  The  system  will  verify  the  accuracy  of 
required  mine  data  and  monitor  SMARA  com- 
pliance of  lead  agencies  and  mine  operators. 
The  new  process  requires  advance  notice  to 
operators  to  file  the  required  report  and  fees, 
acknowledgment  of  receipt,  notification  to 
operators  of  any  deficiencies  in  their  reports 
and  monitoring  subsequent  corrections. 

It  is  necessary  for  the  State  to  prepare  inspec- 
tion and  violation  notification  forms  that  will  be 
used  by  lead  agencies  and  by  the  Division. 
OMRRC  plans  to  visit  mine  sites  and  local  agen- 
cies to  verify  the  accuracy  of  annual  mine  re- 
ports and  the  SMARA  compliance  of  both 
groups.  If  the  SMGB  assumes  lead  agency  re- 
sponsibilities from  a  local  government,  DMG 
and  OMRRC  will  be  required  to  take  on  some  of 
the  duties  normally  carried  out  by  local  govern- 
ment. 

The  OMRRC  will  work  closely  with  the  Mined 
Reclamation  Project  and  the  Mineral  Resource 
Appraisal  Project  to  exchange  nonconfidential 
file  information.  The  overall  success  of  SMARA 
implementation  depends  upon  effective  use  of 
information  by  staff. 

CONCLUSIONS  AND  FUTURE  OUTLOOK 

As  1990-91  ended,  DMG  carried  out  new  responsi- 
bilities in  close  association  with  the  State  Mining  and 
Geology  Board  and  with  other  units  of  the  Department 
of  Conservation.  The  structural  changes  in  SMARA 
which  significantly  increase  reporting  responsibilities 
of  lead  agencies  and  mine  operators  should  make  all 
parties  aware  of  locations  of  mining  activity  and  im- 
prove SMARA  compliance.  The  revised  statewide  rec- 
lamation standards  should  clarify  the  minimum  verifi- 
able requirements  and  lead  to  equitable  application  of 
SMARA  in  all  of  the  lead  agencies  with  mining  activ- 
ity. The  increased  reporting  requirements  of  lead 
agencies  when  they  make  land  use  decisions  at  vari- 
ance with  the  State  Geologist's  classification  and  the 
State  Mining  and  Geology  Board's  designation  of  re- 
sources of  regional  or  statewide  significance  should 
increase  the  effectiveness  of  the  mineral  conservation 
function  of  SMARA. 
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Librarian  searching  for  a  report  in  the  DMG 
Library  collection.  U.S.  Geological  Survey,  U.S. 
Bureau  of  Mines  and  California  Department 
of  Water  Resources  are  included  in  the  DMG 
collection  as  depository  items.  Exchanges  are 
maintained  with  earthquake  engineering 
research  centers,  state  geological  surveys  of 
western  states,  and  selected  foreign  countries. 
Over  100,000  items  are  available  for  public 
use  in  the  DMG  Library  system.  Photo  by  Max 
Flanery. 


Librarian  conducting  a  literature  search  on  one  of  the  library's  online  sources.  The  DMG  Library  offers  an  online 
catalog  of  its  book  collection  plus  major  indexes  to  the  geoscience  literature  on  CD-ROM.  Photo  by  Max  Flanery. 


NEW  DIMENSIONS  IN  LIBRARY  SERVICES 


PURPOSE 


Geologic  investigations  involve  interpretation  and 
observation  within  the  context  of  existing  information. 
The  Division  of  Mines  and  Geology  Library  provides 
vital  access  to  the  scientific  literature  for  Division  staff 
as  well  as  other  geologists,  engineers,  planners,  con- 
sultants, miners,  teachers,  and  students. 

Within  the  Division  a  variety  of  scientific  informa- 
tion is  required  to  support  project  work:  structural 
geology,  soil  mineralogy,  volcanology,  engineering 
geology,  geologic  mapping,  mineral  resources,  mining 
engineering,  mined  land  reclamation,  botany,  mineral- 
ogy, geomorphology,  marine  geology,  tectonics,  geo- 
physics, environmental  geology,  hydrogeology,  struc- 
tural engineering,  civil  engineering,  and  seismology. 
Public  visitors  may  be  researching  a  mineral  commod- 
ity, a  historic  mine,  areal  geology  for  a  specific  loca- 
tion, a  new  mineral  extraction  process,  potential 
prospecting  areas  or  earthquake  hazards.  An  answer 
to  any  of  these  research  questions  may  come  from  the 


most  current  research  or  from  reports  or  maps  pub- 
lished 100  years  ago. 

Since  its  establishment  in  1880,  DMG  has  provid- 
ed in  accordance  with  the  Public  Resources  Code 
"...a  library  of  books,  reports,  and  drawings  bearing 
upon  the  mineral  industries,  the  sciences  of  mineral- 
ogy and  geology,  and  the  arts  of  mining  and  metal- 
lurgy...so  as  to  make  them  available  for  reference  and 
examination,  and  open  to  public  inspection  at  reason- 
able hours." 

Resources  and  Services 

•  Library  Facilities.  The  DMG  Library  is  com- 
prised of  three  library  facilities  in  Sacramento, 
the  Bay  Area  and  Los  Angeles.  The  Library 
was  established  in  1880  as  part  of  the  State 
Mining  Bureau.  The  Second  State  Mineralo- 
gist's Report  notes  a  collection  of  fewer  than 
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1,600  volumes  in  1882.  Presently  the  library 
system  totals  over  100,000  volumes.  In  1984  the 
Library  was  moved  from  its  historic  location 
in  San  Francisco  and  the  collections  were  di- 
vided between  DMG's  Sacramento  and  Pleasant 
Hill  offices.  In  1991  the  Pleasant  Hill  office  and 
library  are  being  relocated  to  San  Francisco 
(described  in  a  separate  article  in  this  report). 
The  Sacramento  and  Bay  Area  library  facilities 
each  has  a  full-time  librarian;  the  Los  Angeles 
facility  functions  primarily  as  an  office  collection 
for  DMG  staff. 

•  Collection  Strengths.  Geologic  investigations 
rely  heavily  on  published  literature  both  of  a 
contemporary  and  a  historical  nature.  The 
DMG  Library  tries  to  fill  this  need  through  an 
extensive  collection  on  California  geology  as 
well  as  holdings  of  non-California  materials  in 
the  related  fields  of  general  geology,  mineralogy, 
earthquake  engineering,  seismology,  mining 
engineering,  engineering  geology,  geohazards, 
environmental  protection,  geophysics,  and  map- 
ping. 

The  Division's  own  publications  form  the  corner- 
stone of  each  library  collection.  A  full  set  of  all 
publications  dating  from  1880  is  available  in  all 
three  library  facilities.  The  literature  of  the  U.S. 
Geological  Survey  and  the  U.S.  Bureau  of  Mines 
comprises  another  major  resource  of  the  DMG 
Library.  Thesis  and  dissertation  research  is  ex- 
tremely important  in  geological  investigations. 


For  this  reason  the  DMG  Library  collects  copies 
of  masters  and  doctoral  theses  on  all  aspects  of 
California  geology.  Scientific  journal  articles  are 
another  means  of  communication  among  geo- 
logic researchers.  The  DMG  Library  subscribes 
to  nearly  100  journal  titles  and  maintains 
back  files  of  over  200  titles.    The  Library  is 
also  fortunate  to  have  an  extensive  collection  of 
rare  materials  in  the  Sacramento  facility  re- 
lated to  western  mining  history  and  the  explora- 
tion of  the  American  West.  Included  among 
these  rare  materials  are  three  collections  of  con- 
sulting reports  and  maps  on  California  mineral 
properties  dating  from  1900  to  1950  as  well  as 
several  card  files  of  references  and  clippings 
related  to  California  mines. 

The  collection  is  strengthened  by  the  many  soci- 
ety publications  received.  Publications  from 
professional  geological  societies  account  for  over 
40%  of  all  geoscience  publishing  activity.  These 
include  formal  publication  series,  field  trip 
guidebooks,  course  notes,  and  conference  pro- 
gram abstracts.  The  DMG  Library  also  main- 
tains exchange  agreements  with  other  state 
surveys  in  the  western  United  States  and 
selected  foreign  countries. 

•  Delivery  of  Information  to  Staff  and  Pub- 
lic. Nearly  4,000  user  contacts  were  made  dur- 
ing Fiscal  Year  1990-91  by  the  DMG  Library 
staff.  These  contacts  included  onsite  visits  as 
well  as  information  requests  received  by  tele- 


There  is  a  variety  of  geoscience 
information  sources  available  at  the 
DMG  Library.  The  collection  contains 
over  17,000  book  titles,  100  periodical 
subscriptions  and  several  CD-ROM 
indexes,  including  the  Bibliography 
and  Index  of  Geology  and  the  Earth 
Sciences  Database.  Collection 
strengths  include  California  geology  as 
well  as  general  geology,  mineralogy, 
earthquake  engineering,  seismology, 
mining  engineering,  engineering 
geology,  geohazards,  environmental 
protection,  geophysics,  and  mapping. 
Photo  by  Max  Flanery. 
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phone  and  mail.  The  DMG  Library  also  loaned 
over  250  items  to  other  libraries  in  California 
and  the  nation  through  interlibrary  loan,  thus 
significantly  expanding  the  use  of  the  collec- 
tion. 

The  primary  mission  of  the  DMG  Library  is  to 
provide  information  support  to  the  DMG  staff. 
This  may  involve  producing  a  subject  bibliogra- 
phy, verifying  a  reference,  borrowing  an  item 
not  owned  by  DMG  from  another  library  or  lo- 
cating an  answer  to  a  specific  question.  Lists  of 
new  acquisitions  are  produced  monthly  for 
DMG  staff.  Tables  of  contents  for  new  journal 
issues  are  distributed  weekly.  Items  of  particu- 
lar note  for  ongoing  Division  investigations  are 
sent  directly  to  that  program's  staff. 

The  Library  is  open  to  the  public  Monday  -  Fri- 
day, 8  a.m.  to  5  p.m.  for  reference  use;  loans  are 
made  only  through  interlibrary  loan  to  other 
libraries,  not  directly  to  the  public.  Self-service 
photocopying  is  available  in  Sacramento  and 
the  Bay  Area.  Reference  assistance  in  using  the 
collection  is  provided. 

Recent  Developments  in  Library  Services 

•  Access  to  Computer  Data  Bases  for  Geo- 
logic Information.  Keeping  current  with  the 
geologic  literature  is  becoming  a  time-consum- 
ing challenge.  Fortunately,  computerized  data 
bases  are  making  this  formidable  task  easier. 


Geologic  research  is  highly  dependent  on  previ- 
ously published  work  as  a  foundation.  For  ex- 
ample, a  geologist  mapping  mineral  resources 
for  a  specific  region  would  need  to  be  familiar 
with  both  the  latest  ore  emplacement  theories 
and  the  regional  geology  of  the  study  area  in- 
cluding stratigraphy,  petrology,  paleontology, 
and  structural  geology.  This  information  can  be 
derived  from  government  documents,  consult- 
ing reports,  maps,  field  trip  guidebooks,  journal 
articles,  conference  papers,  and  thesis  research. 
Timely  access  to  these  diverse  sources  of  infor- 
mation is  of  critical  importance. 

The  MELVYL  online  catalog  of  the  University 
of  California  library  system  and  the  California 
State  Library  became  the  DMG  Library's  first 
online  link  to  other  library  collections  in  1989. 
The  DMG  Library  was  one  of  five  state  agency 
libraries  selected  for  a  pilot  project  to  test  access 
for  State  government  to  this  vast  online  catalog. 
Access  to  this  data  base  provides  sources  from 
which  to  borrow  titles  not  owned  by  DMG  and 
bibliographic  information  useful  in  cataloging 
new  items  for  the  DMG  collections. 

During  1990-91  the  DMG  Library  added  several 
major  geologic  data  bases  in  CD-ROM  (com- 
puter-disc read-only-memory)  format.  These  5- 
inch  discs  have  placed  literally  millions  of  refer- 
ences at  the  geologist's  fingertips.  Interlibrary 
loan  requests  by  DMG  staff  have  increased  34% 
because  of  the  expanded  access  to  information 


De  Re  Metallica,  Georgius  Agricola,  1 62 1 
edition,  the  first  systematic  treatment  of 
mining  and  metallurgy.  The  DMG  Library 
has  over  3,000  volumes  published  before 
1900  which  constitute  an  important  record 
of  western  mining  ana  exploration  history. 
Photo  by  Max  Flanery. 
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these  data  bases  allow.  The  following  data  bases 
are  among  the  most  heavily  used  by  staff  and 
public  visitors  in  the  DMG  Library: 

1.  The  Earth  Sciences  Data  Base  contains 
the  holdings  of  the  libraries  of  the  U.S.  Geo- 
logical Survey  added  since  1975  and  indexes 
to  published  geologic  mapping  and  data  bases 
in  the  earth  sciences  and  natural  resources. 

2.  GeoRef  offers  references  to  the  geologic  lit- 
erature from  1785  to  the  present.  This  inter- 
national data  base  includes  1.5  million  refer- 
ences to  journal  articles,  books,  proceedings, 
government  documents,  conference  paper  ab- 
stracts, and  theses.  Quick,  efficient  data 
searches  may  be  done  by  subject,  author, 
title,  publication  year,  key  words  or  phrases, 
latitude/longitude  or  document  type.  Results 
may  be  either  printed  or  downloaded  to  disk. 

•  Conversion  of  the  Card  Catalog.  Traditional 
card  catalogs  are  being  replaced  by  online  data 
bases  in  most  libraries  and  DMG  is  no  excep- 
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Public  access  computer  terminal  and  current  periodical 
browsing  area.  DMG  staff  and  public  visitors  may  access  the 
Library's  online  catalog,  CD-ROM  data  bases,  and  MELVYL, 
the  University  of  California  and  California  State  Library  online 
catalog  from  a  computer  terminal  in  Sacramento.  Online 
service  is  planned  for  the  Bay  Area  and  Los  Angeles  as  well. 
Over  100  current  journals  are  received  by  the  DMG  Library 
facilities  in  Sacramento,  the  Bay  Area,  and  Los  Angeles. 
Photo  by  Max  Flanery. 


tion.  In  1989  all  newly  acquired  materials  were 
entered  into  computer  data  base  utilizing 
INMAGIC  software.  INMAGIC  provides  an  in- 
tegrated library  system  which  supports  a  new 
orders  file,  catalog,  journal  receipt  records,  and 
loan  records.  Conversion  of  the  book  collection's 
15,000  card  catalogs  into  the  computer  data 
base  took  place  in  Fiscal  Year  1990-91.  For  the 
first  time  access  to  the  DMG  collections  will  be 
possible  from  a  variety  of  locations. 

Improved  Collection  Organization  and 
Shelving.  In  anticipation  of  the  relocation  of 
the  Pleasant  Hill  office  and  library  and  the  con- 
version of  the  book  catalog  cards  into  the  online 
data  base,  an  intensive  collection  review  project 
began  in  1990.  A  collection  policy  statement  was 
drafted  which  outlines  subject  areas  of  interest 
to  the  Division  as  well  as  areas  in  which  mate- 
rial will  not  be  acquired.  This  policy  will  guide 
future  directions  of  growth  for  the  collection  so 
that  the  library's  resources  can  be  focused  to 
meet  the  areas  of  greatest  need. 

A  Collection  Review  Working  Group  comprised 
of  representatives  of  each  DMG  program  area 
surveyed  the  Bay  Area  collection  for  superseded 
editions,  out-of-date  material  and  subject  areas 
no  longer  investigated  by  DMG.  The  result  is  a 
working  collection  which  balances  the  needs  of 
the  Division  programs,  preserves  the  historic 
record  and  meets  the  public's  general  interest  in 
geology. 

New  shelving  was  installed  in  the  library  facil- 
ity in  Sacramento  during  Fiscal  Year  1990-91  to 
replace  inadequate  wooden  bookcases.  The  new 
shelving  permits  greater  flexibility  in  shelving  a 
variety  of  information  formats  and  affords  a 
measure  of  seismic  safety  not  available  with  the 
older  shelving. 

Preservation  of  Rare  Materials.  The  DMG 

Library  serves  as  a  repository  for  many  rare 
and  fragile  items  related  to  California  mining 
history.  The  Sacramento  library  houses  a  collec- 
tion of  over  1,000  books  either  published  prior 
to  1900  or  considered  to  be  rare.  Preserving  this 
material  is  of  the  utmost  importance.  In  1989 
the  DMG  Library  was  invited  to  participate  in 
the  Greater  Bay  Area  Preservation  Project,  a 
consortium  of  14  libraries  led  by  the  University 
of  California's  Library  Conservation  Depart- 
ment and  funded  by  the  California  State  Li- 
brary. Conservation  needs  of  each  library  were 
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assessed;  the  DMG  Library's  greatest  needs 
proved  to  be  in  the  area  of  disaster  planning, 
rebinding/repair,  and  replacement  of  heavily 
used  but  fragile  items.  The  Project  is  continuing 
into  its  second  year  of  providing  information  to 
meet  the  demonstrated  needs  of  the  participat- 
ing libraries.  It  is  anticipated  that  grant  funds 
will  be  available  for  repair/rebind  projects  in  the 
third  year. 

•  Participation  in  Geoscience  Networks  and 
Associations.  The  DMG  Library  is  an  active 
participant  in  regional  and  national  networks 
of  earth  science  libraries.  Special  agreements 
which  go  beyond  normal  library  cooperation 
exist  with  the  U.S.  Geological  Survey;  Stanford 
University;  University  of  California,  Berkeley; 
University  of  California,  Los  Angeles;  California 
Institute  of  Technology;  and  California  Acad- 
emy of  Sciences.  Through  the  national  Geo- 
science Information  Society,  an  affiliate  of  the 
Geological  Society  of  America,  such  arrange- 
ments are  also  possible  with  other  earth  science 
libraries  nationwide.  This  interaction  expands 
the  resources  available  to  DMG  staff. 


CONCLUSIONS  AND  OUTLOOK 
FOR  THE  FUTURE 

Since  1880  the  DMG  Library  has  provided  geologic 
information  for  the  State  of  California.  The  methods  of 
providing  this  information  have  changed  dramatically 
over  the  years  due  to  technological  innovations.  Com- 
puter data  bases,  compact  disc  technology,  and  com- 
munication links  have  made  geologic  information  more 
accessible. 

Technological  innovation  will  continue  to  be  impor- 
tant for  the  future  of  the  DMG  Library.  Expanded  use 
will  be  made  of  computer  networks  to  share  informa- 
tion; more  compact  disc  data  bases  will  be  acquired. 
The  amount  of  information  available  will  continue  to 
increase  to  what  may  seem  to  be  a  "modern-day  elec- 
tronic babel."  The  continuing  ability  of  the  library 
staff  to  keep  current  on  the  research  needs  of  the 
Division  staff  and  the  public's  interest  in  the  geological 
sciences  will  be  crucial  in  retrieving  and  disseminating 
relevant  information. 

The  success  of  DMG  staff  in  completing  their  inves- 
tigations is  significantly  dependent  upon  the  success 
of  the  library  in  meeting  their  information  needs. 
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DMG  Information  Technician 
serving  a  customer  at  the 
Information  and  Publications 
Sales  Counter  in  Sacramento. 
Publications  sales  total  approx- 
imately $250,000,  and  reguests 
for  information  exceed  27,000 
from  DMG's  three  offices  each 
year.  Photo  by  Max  Flanery 


DMG  staff  geologist  assisting  a  customer  with  a  technical  interpretation  of  a  geologic  map  at  the  Sacramento  infor- 
mation counter.  Technical  staff  are  frequently  called  upon  to  assist  in  responding  to  questions  from  the  public,  geologic 
consultants,  and  other  governmental  agencies.  Photo  by  Max  Flanery. 


INFORMATION  SERVICES 


California  is  blessed  with  beauty  and  bountiful  min- 
eral wealth  which  are  the  results  of  its  active  geologic 
past.  Geologic  events  such  as  earthquakes  and  volca- 
nic eruptions  have  and  will  continue  to  shape  the  land- 
scape. Californians  need  up-to-date  information  re- 
garding geologic  hazards,  mineral  resources,  and  geol- 
ogy. The  California  Public  Resources  Code  authorizes 
the  State  Geologist  to  "Maintain,  in  effect,  a  bureau  of 
information..."  and  to  "Issue  from  time  to  time  such 
reports  and  maps  as  he  may  deem  advisable  concern- 
ing the  geology  of  this  state..."  DMG  has  the  responsi- 
bility to  disseminate  the  earth  science  information  it 
gathers  through  investigations. 

DMG  information  services  consist  of  information 
dissemination  services  at  the  regional  offices  in  Sacra- 
mento, Los  Angeles,  and  San  Francisco,  the  monthly 
magazine,  CALIFORNIA  GEOLOGY,  educational  out- 
reach, and  publication  of  reports  and  maps. 


INFORMATION  SERVICES 
AT  REGIONAL  OFFICES 

Public  information  desks  are  located  in  the  three 
DMG  regional  offices  in  Sacramento,  Los  Angeles,  and 
San  Francisco.  Staff  at  these  desks  respond  by  phone 
or  in  person  to  over  27,000  inquiries  about  earth- 
quakes, mineral  resources,  and  other  earth  science  re- 
lated topics  each  year.  In  addition,  several  hundred 
written  inquiries  are  handled  by  the  information  staff 
in  each  office. 

Each  information  desk  sells  DMG  publications  over- 
the-counter  as  well  as  by  mail  order.  A  list  of  publica- 
tions showing  available  reports,  their  prices  and  ap- 
propriate order  forms  is  available  at  any  of  the  offices. 

A  new  service  has  recently  become  available  at  the 
information  desks.  Indexes  of  all  the  most  recently 
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published  geologic  maps  of  California  are  available  for 
perusal  at  each  regional  office.  DMG  staff  monitor  new 
publications  from  all  sources  and  update  these  indexes 
on  a  regular  basis.  The  indexes  are  stored  in  digital 
form  at  the  Bay  Area  Regional  Office.  New  references 
are  added  and  transmitted  to  the  other  offices.  The 
public  can  visit  any  regional  office  or  phone  to  find  out 
about  new  maps  that  may  have  been  published  in  a 
given  area.  Eventually  this  information  will  be  avail- 
able through  computer  bulletin  boards. 

A  cooperative  agreement  formalized  in  1990-91  with 
the  U.S.  Geological  Survey  has  established  a  USGS 
Earth  Science  Information  Center  (ESIC)  at  the  Sacra- 
mento information  desk.  Earth  science  information 
materials  such  as  pamphlets  and  brochures  and  exten- 
sive indexes  to  aerial  photographs  and  remote-sensing 
imagery  are  available  at  the  Sacramento  ESIC. 

CALIFORNIA  GEOLOGY  MAGAZINE 

CALIFORNIA  GEOLOGY  (CG)  is  the  24-page 
monthly  DMG  magazine,  intended  to  serve  both  inter- 
ested lay  persons  and  earth  scientists.  It  features 
earth  science  articles  about  California  and  describes 
DMG  activities.  The  magazine  also  contains  a  page  for 
school  teachers  and  extensive  book  reviews.  CG  has 
about  10,000  subscribers,  making  it  one  of  the  most 
widely  circulated  earth  science  publications  in  the 
world.  The  yearly  subscription  rate  for  CG  is  $10.00. 


CG  underwent  substantial  editorial  changes  during 
1990-91.  Desktop  publishing  using  personal  comput- 
ers was  introduced.  This  resulted  in  a  significant  re- 
duction in  the  cost  of  producing  the  magazine.  The  for- 
mat of  the  magazine  was  changed  to  make  it  more 
readable  and  attractive.  A  new  policy  offering  stipends 
for  outstanding  articles  and  photographs  was  insti- 
tuted in  hopes  of  soliciting  more  material  of  interest  to 
the  readers  of  CG.  Promotional  activities  such  as  mail- 
ings to  teachers,  registered  geologists,  and  advertising 
on  computer  bulletin  boards  were  begun  during  1990- 
91.  The  goal  is  to  increase  the  circulation  to  15,000  in 
the  near  future. 

EDUCATIONAL  OUTREACH 

In  addition  to  CALIFORNIA  GEOLOGY,  DMG  under- 
takes other  efforts  to  educate  the  public  about  DMG 
activities,  geologic  hazards,  and  mineral  resources. 
The  increasing  number  of  public  inquiries  to  DMG  in- 
dicates the  citizens  of  California  are  curious  about  the 
geology  of  their  state  and  want  to  know  more  about 
the  many  earth  science  issues  affecting  their  lives. 

Informational  packets  were  assembled  in  a  newly 
prepared  color  folder  and  were  distributed  widely.  The 
centerpiece  of  the  packets  is  a  17-page  color  brochure 
describing  DMG  and  its  activities.  Audiovisual  materi- 
als such  as  a  video  of  the  effects  of  the  Loma  Prieta 
earthquake  have  been  acquired. 


Environmental  Supervising 
Geologist  discussing  environ- 
mental geology  maps  and 
issues  with  teachers  and 
students  at  a  recent  meeting. 
DMG  staff  memPers  at  all 
levels  are  actively  engaged 
in  educational  outreach 
projects  with  teachers  and 
students.  Photo  by  Max 
Flanery, 
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The  information  staff  set  up  exhibits  at  18  meetings 
and  conferences  in  order  to  distribute  publications 
and  other  informational  materials.  Functions  included 
the  California  State  Fair,  county  fairs,  teachers' 
association  meetings,  school  career  days,  earthquake 
preparedness  conferences,  and  press  conferences.  A 
special  exhibit  prepared  in  conjunction  with  the 
Department  of  Parks  and  Recreation,  was  assembled 
in  the  Capitol  Museum.  The  exhibit  features  a  work- 
ing seismograph.  Several  hundred  thousand  people 
have  visited  the  exhibit. 

A  new  minority  outreach  program  was  initiated  in 
April  1991.  DMG  scientists  volunteer  to  speak  to  K-12 
classes  of  predominantly  minority  students  in  the 
Sacramento  area.  Scientists  also  serve  as  mentors  to 
minority  students  who  have  been  identified  as  having 
an  aptitude  in  mathematics  or  the  sciences.  The  pur- 
pose of  this  program  is  to  provide  a  positive  exposure 
to  earth  science  to  these  students  at  an  early  age  to 
provide  career  guidance  and  direction.  It  is  important 
that  these  talents  are  not  lost  to  society. 

DMG  PUBLICATIONS 

DMG  publishes  about  50  formal  and  informal  re- 
ports each  year.  Formal  reports  and  maps  are  distrib- 
uted nationally  to  libraries,  museums  and  other  re- 
positories, and  formal  publications  are  sold  at  all  DMG 
offices.  Open-file  reports  are  informal  reports  that  will 
eventually  be  superseded  by  formal  reports  or  contain 


information  of  a  transient  nature  that  need  not  be 
published  formally. 

Formal  DMG  publications  are: 

•  Bulletins  -  reports  of  the  broadest  public  con- 
cern or  scientific  significance  or  a  statewide 
investigation 

•  Special  Reports  -  reports  on  topics  of  regional 
importance 

•  Special  Publications  -  reports  of  special  events 
or  one-time-only  publications 

•  Geologic  Data  Map  Series  -  colored  maps  that 
cover  the  entire  state  (scale  1  inch  =  12  miles) 

•  Regional  Geologic  Maps  -  colored  geologic  maps 
and  cross  sections  (scale  1  inch  =  4  miles) 

•  Continental  Margin  Map  Series  -  colored  geo- 
logic and  geophysical  maps  of  the  area  offshore 
of  the  state  (scale  1  inch  =  4  miles) 

•  Regional  Geophysical  Maps  -  colored  aeromag- 
netic  and  gravity  maps  (scale  1  inch  =  4  miles) 

•  Map  Sheets  -  quadrangles  without  extensive 
text  or  specialized  maps  for  various  purposes 

One  hundred  years  ago  the  State  Mining  Bureau, 
predecessor  to  DMG,  published  the  first  colored  state 
geologic  map.  Since  1891  DMG  has  printed  nearly  one 


Teachers  receiving  earth 
science  information  at  a 
recent  DMG  exhibit  in  con- 
junction with  a  regional  edu- 
cational conference.  The 
DMG  participates  in  15  to 
20  functions  of  this  type 
each  year.  Photo  by  Max 
Flanery. 
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Two  members  of  the  drafting 
staff  preparing  a  poster  for  con- 
ference display.  The  Geologic 
Information  and  Publications 
staff  prepare  most  of  the  DMG 
illustrations  and  display  mater- 
ials for  shows,  conferences  and 
meetings,  as  well  as  maps  and 
figures  for  the  formal  publica- 
tions and  open-file  reports. 
Photo  by  Max  Flanery. 


half  million  copies  of  statewide  and  regional  geologic 
maps.  DMG  has  received  worldwide  recognition  for  its 
high  quality  colored  geologic  maps.  Preparation  of  a 
colored  geologic  map  is  an  immense  task  that  requires 
a  great  deal  of  skill  and  expertise.  Our  new  maps  often 
show  more  than  100  geologic  units,  each  a  distinctly 
different  color.  Although  preparation  of  colored  maps 
is  a  laborious  process,  maps  this  complex  are  difficult 
to  decipher  unless  they  are  color-coded.  Most  of  these 
maps  have  gone  through  several  printings,  indicating 
they  are  well  used. 

Users  of  geologic  maps  include  geologists,  engi- 
neers, planners,  and  people  simply  interested  in  their 
natural  surroundings.  In  short,  anyone  who  needs  or 
wants  to  know  the  nature  of  the  rocks  or  geologic 
structure  of  any  area  of  California  can  consult  a  DMG 
geologic  map  to  get  that  information. 


Several  recent  reports  produced  by  the  Division's  Publication 
unit.  This  unit  publishes  about  50  such  reports  each  year. 
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Office  of  State  Printing  (OSP) 
Planning  Services  Supervisor  and 
DMG  Publications  Supervisor 
assessing  printing  characteristics 
of  a  map  for  one  of  DMG's 
formal  publications.  OSP  prints 
the  majority  of  DMG's  maps  and 
reports.  Photo  by  Mox  Flanery. 


SUMMARY  AND  OUTLOOK 
FOR  THE  FUTURE 

Publications  and  information  will  continue  to  be  a 
central  and  highly  visible  function  of  DMG.  A  trend 
toward  automation  of  report  preparation  and  dissemi- 
nation of  information  will  accelerate.  Major  efforts 
will  be  made  to  increase  circulation  of  CALIFORNIA 
GEOLOGY  and  upgrade  the  educational  outreach 
activities  of  the  Division. 


SUMMARY  AND  CONCLUSIONS 


Fiscal  Year  1990-91  has  launched  the  Department 
of  Conservation  and  the  Division  of  Mines  and  Geology 
into  a  decade  which  will  undoubtedly  focus  greater 
attention  on  environmental  quality,  natural  resources, 
and  public  safety  issues.  The  Department  and  the 
Division  are  preparing  to  implement  semi-annual 
activities  in  response  to  new  statutes  expanding 


responsibilities  relating  to  resources  and  mining  and 
reducing  earthquake  losses.  New  technologies  are 
being  incorporated  into  these  new  functions  and  the 
continuing  responsibility  of  understanding  California's 
geology  and  disseminating  information  about  it  to  the 
citizens  of  the  State. 


DIVISION  OF  MINES  AND  GEOLOGY 

PUBLICATIONS  RELEASED 

in 

1990-91 

SPECIAL  PUBLICATIONS 

SP42    —  Fault  Rupture  Hazard  Zones,  Revised  1990,  with  Addendum Free 

SP98    —  Fluvial  Geomorphology  and  River-Gravel  Mining $  8.00 

SP103  —  Mines  and  Mineral  Producers  Active  in  California,  1988-1989 10.00 

SP105  —  Industrial  Minerals  in  California;  Economic  Importance,  Present 

AvailaPility,  and  Future  Development 6.00 

SP107  —  Mineral  Commodity  Report:  Bentonite  and  Fuller's  Earth 6.00 

SP109  —  Geologic  Excursions  in  Northern  California:  San  Francisco  to  the 

Sierra  Nevada 10.00 

CALIFORNIA  CONTINENTAL  OFFSHORE  MAP  SERIES 

California  Continental  Margin  Geologic  Map  Series  (Area  5  of  7) 

Central  Area 15.00 

California  Continental  Margin  Geologic  Map  Series  (Area  7  of  7) 

North  Area 15.00 

OPEN  FILE  REPORTS 

88-  5   —  Preliminary  Geologic  Map  of  the  Northwest  Quarter  of  the  Santa 

Rosa  (7. 5')  Quaarangle,  Sonoma  County,  California 5.00 

88-12  —  Soil  Development  and  Displacement  along  the  Hayward  Fault,  Volume  I, 

Fremont,  Alameda  County,  California 12.00 

88-13  —  Soil  Development  ana  Displacement  Along  the  Hayward  Fault,  Volume  II, 

Point  Pinole,  Contra  Costa  County,  California 12.00 

89-  3    —  Complete  Bouguer  Gravity  Map  of  the  Napa  Valley  Area,  Napa  and 

Sonoma  Counties,  California  5,00 

89-  7    —  Lanaslide  Hazards  in  the  Lake  Arrowhead  ana  Big  Bear  Lake  Region, 
San  Bernardino  County,  California:  Landslide  Hazards  Identification 
Map  No.  5 8.00 

89-18  —  Landslide  Hazards  in  the  North  Half  of  the  CalaPasas  Quadrangle, 
Los  Angeles  and  Ventura  Counties,  California:  Landslide  Hazards 
Identification  Map  No.  20 7.00 

89-19  —  Gravity  Study  of  the  Roseville-Marysville  Area,  Sacramento,  Placer, 

Nevada,  Sutter,  and  YuPa  Counties,  California 7.00 

89-26  —  Seismic  System  Design  Concepts  for  a  California  Rapid  Earthguake 

Assessment  Program 7.00 

89-27  —  Landslide  Hazards  in  th  Eastern  Clear  Lake  Area,  Lake  County,  California: 

Landslide  Hazaras  Identification  Map  No.  16 7.00 
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OPEN  FILE  REPORTS  (Continued) 

89-30  —  Landslides  and  Geology  Along  Cache  Creek  Between  Clear  Lake  and 
Capay  Valley,  Colusa,  Lake,  and  Yolo  Counties,  California:  Landslide 
Hazards  Identification  Map  No.  19 $6.00 

90-2    —  Mineral  Land  Classification  of  the  Calmat  Land  Co.  Baxter  Iron/CarPonate 

Rock  Deposit,  San  Bernardino  County,  California 5.00 

90-4    —  Nursery  Sources  for  California  Native  Plants 5.00 

90-5    —  Landslide  Hazards  in  the  Yucaipa  and  Forest  Falls  (7.5')  Quadrangles, 
San  Bernardino  County,  California:  Landslide  Hazards  Identification 
Map  No.  18 7.00 

90-6   —  Preliminary  Map  of  Landslide  Features  and  Coseismic  Fissures  in  the 
Summit  Road  Area  of  the  Santa  Cruz  Mountains  Triggered  Py  the 
Loma  Prieta  Earthquake  of  17  OctoPer,1989 7.00 

90-9   —  Index  to  Fault  Evaluation  Reports  Prepared  1 976- 1 989  Under  the 

Alquist-Priolo  Special  Studies  Zones  Act  (California) 5.00 

90-10  —  Microfiche  Copies  of  Fault  Evaluation  Reports  for  Northern  California 
(Amador,  Butte,  Calaveras,  Del  Norte,  El  Dorado,  HumPoldt,  Lake, 
Mendocino,  Napa,  Nevada,  Placer,  Plumas,  Sacramento,  Siskiyou, 
Solano,  Sonora,  Trinity,  Tuolumne,  Yolo,  and  YuPa  Counties,  California) 10.00 

90-1 1  —  Microfiche  Copies  of  Fault  Evaluation  Reports  for  Southern  Coast 
Ranges  (Alameda,  Contra  Costa,  Fresno,  Merced,  Monterey, 
San  Luis  OPispo,  San  Benito,  San  Mateo,  Santa  BarPara,  Santa  Clara, 
and  Santa  Cruz  Counties,  California) 10.00 

90-12  —  Microfiche  Copies  of  Fault  Evaluation  Reports  for  the  Transverse 

Ranges  (Los  Angeles,  Riverside,  San  Bernardino,  Santa  BarPara,  and 

Ventura  Counties,  California) 10.00 

90-13  —  Microfiche  Copies  of  Fault  Evaluation  Reports  for  the  Peninsular  Ranges 
(Imperial,  Los  Angeles,  Orange,  Riverside,  San  Diego,  and  San  Bernardino 
Counties,  California) 10.00 

90-14  —  Microfiche  Copies  of  Fault  Evaluation  Reports  for  Eastern  California 
(Alpine,  Imperial,  Inyo,  Kern,  Los  Angeles,  Mono,  Riverside,  and 
San  Bernardino  Counties,  California) 10.00 

90-15  —  Directory  of  Fault  Investigation  Reports  for  Development  Sites  within 

Alquist-Priolo  Special  Studies  Zones  in  California  1 974- 1 988 6.00 

90-16  —  Mineral  Land  Classification  of  the  Hannah  Ranch  Site,  Tulare  County. 

California  -  for  Portland  Cement  Concrete  Aggregate 5.00 

90-18—  A  Study  of  the  Effectiveness  of  the  Alguist-Priolo  Program 14.00 

91-07  —  Principal  Facts  and  Sources  for  1528  Land  Gravity  Stations  on  the 

San  Francisco  1°  X  2°  Quadrangle,  California 5.00 

GEOLOGIC  DATA  MAPS 

Isostatic  Residual  Gravity  Map  of  California  and  Offshore 

Southern  California 12.00 


MISCELLANEOUS  PUBLICATIONS 

82nd  Report  of  the  State  Geologist 

List  of  AvailaPle  PuPlications  (3  revisions) 

Landslides  Hazards  Identification  Program  Annual  Report 

Parkfield  Experiment  Annual  Report 

Monthly  issues  of  CALIFORNIA  GEOLOGY  (12) 
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